PERFORMANCE TEST 3.3 


(2) Second, push the knurled knob forward and 
rotate clockwise, locking the valve in the 
open position. . . 

c. Open transfer tank pressure build-up valve (GV-5), 

WARNING: Observe transfer tank pressure gage, do 

allow pressure build-up in excess of 
90 p.s.i.g. 

d. Close transfer tank pressure build-up valve when 

pressure reading is 90 p.s.i.g 

e. Operate transfer tank pressure build-up valve as 

necessary to maintain the desired pressure during 
converter servicing . . 

f. Open the converter vent line shut-off valve and 
observe the converter full indicator gage. 

(1) Gage should read GAS when converter is filiinc 

(2) When full, gage will indicate LIQUID .... 

g. When the converter is full, disconnect the AP fii; 

valve 

h. Install dust cap to converter filler valve . . . 

4. Securing trailer 

a. Close the transfer tank pressure build-up valve. 

b. Close the converter vent line shut-off valve • . 

c. Disconnect converter vent line connector .... 

d. Empty the transfer tank. 

(1) Open transfer tank fill line shut-off valve. 

(2) Open transfer tank pressure build-up valve . 

(3) Observe transfer tank liquid level gage . . 

(4) When the transfer tank is empty, close the trr 

tank pressure build-up valve and the transfer 
fill line shut-off valve ..... 

e. Close all valves except for storage tank vent lin( 
shut-off valve, for normal idle storage .... 

5. Documentation 

a. Complete Support Action Form (SAP), using the fol 
information : 

To support the operation of an A-4A aircraft, typ< 
code (AACA), assigned to organizational squadron < 
center 13B serviced the LOX system on today’s dati 
support of aircraft bureau number 152513. 

b. Support action form will be graded as follows: 
Each block correctly documentated will have a two 


JOB SBEr.T J.5.1J 


MAINTRMANCE OF SHOP SUPPORT EQUIPMENT 

TIME: 2 per 


;NTRODUCTrON: 

Phe purpose of this sheet is to guide you step-by-step in a 
)ractical work assignment in the maintenance of. shop support 
jquipment . 

ENABLING OBJECTIVE 

Supported partially by this lesson topic: 

..7 and 2.4. 

^EFI'^RENCES : 

L. Naval Aviation Maintenance Program (NAMP), Volume II/ OPNA 
4790.2 (Latest rev,). 

Safety Precautions for Shore Activities, NAVMAT P-5100. 
EQUIPMENT ANN MATEKIAr.S: 

L , Too 1 s 

1, Cleaning gear 
^PRECAUTIONS TO BE OBSERVED: 

?ake all necessary steps to ensure your safety and that of the 
equipment . 

rOB STEPS: 

L. Classroom Support Equipment 

a. Repair or replace any defective classroom support 
equipment. 

b. Stow instructional training aids in areas designated b 
instructor . 

2. Shop Support Equipment 

a. Repair or replace any defective shop suppert equipment 


'ORMANCn: TEST 3.3 


PO 


(2) Second, push the knurled knob forward and 
rotate clockwise, locking the valve in the 
open position. ...... 

c. Open transfer tank pressure build-up valve (GV-5). . . . 

WARNING: Observe transfer tank pressure gage, do not 
allow pressure build-up in excess of 
90 p. s , i .g . 

d. Close transfer tank pressure build-up valve when 

pressure reading is 90 p.s.i.g. 

e. Operate transfer tank pressure build-up valve as 

necessary to maintain the desired pressure during 
converter servicing ....... 

f. Open the converter vent line shut-off valve and 
observe the converter full indicator gage. 

(1) Gage should read GAS when converter is filling . . . 

(2) I'fhen full, gage will indicate LIQUID 

g. When the converter is full, disconnect the AF filler 

valve 

h. Install dust cap to converter filler valve 

Securing trailer 

a. Close the transfer tank pressure build-up valve 

b. Close the converter vent line shut-off valve 

c. Disconnect converter vent line connector 

d. Empty the transfer tank. 

(1) open transfer tank fill line shut-off valve 

(2) Open transfer tank pressure build-up valve 

(3) Observe transfer tank liquid level gage 

(4) When the transfer tank is empty, close the transfer 

tank pressure build-up valve and the transfer tank 
fill line shut-off valve 

e. Close all valves except for storage tank vent line 

shut-off valve, for normal idle storage 

Documentation 

a. Complete Support Action Form (SAF), using the following 
information : 

To support the operation of an A-4A aircraft, type equipm 
code (AACA), assigned to organizational squadron GC7, wor 
center 13B serviced the LOX system on today's date in gon 
support of aircraft bureau number 152513. 

b. Support action form will be graded as follows: 

Each block correctly docuraentated v;ill have a two point 


ipment . 


BLING OBJECTIVE 

ported partially by this lesson topic: 

and 2.4. 

ItlREHCES : 

Naval Aviation Maintenance Protjram (NAMP)# Volume II, OPN 
4790.2 (Latest rev.). 

Safety Precautions for Shore Activities, NAVMAT P-5100. 
IPMENT AND MATERIALS: 

Tools 

Cleaning gear 
CAUTIONS TO BE OBSERVED: 

e all necessary steps to ensure your safety and that of th' 
ipment . 

STEPS: 

Classroom Support Equipment 

a. Repair or replace any defective classroom support 
equipment . 

b. Stow instructional training aids in areas designated 
instructor . 

Shop Support Equipment 

a. Repair or replace any defective shop suppert equipmen 

b. Service TMU/70M LOX Servicing trailer. 

c. Stow shop support equipment in areas designated by 
instructor . 


FOREWORD 


purpose- of; th i Studerit's Guide is to ditrect your profjress 
oucjh Unit 3 oC the? Aviation Structural Mechanic E (Safety 
ijjinent) Course, Class Al. By followinq this guide, you will 
o notes that will, be of assistance to you as you progress 
ou<) li th i s un i t . 

table of contents Lists the page numbers for the learning 
ectivo.s, safety notice, and other instructions for using thi 
(le. Notetaking and assignment sheets are listed according t 
son topics. 


FOREWOr^D 


e pwL-posc? oC thi:s Student';^ Guide is to direct your progress 
roucjh Unit 3 of: thtf Aviation Structural Mechanic E (Safety 
uipmont) Course, Class Al. By following this guide, you wi] 
ko notes that will be of assistance to you as you progress 
rough this unit . 

e table of conUonts lists the page numbers for the learning 
jectives, safety notice, and other instructions for using tl 
ide. Notetakinq and assignment sheets are listed according 
sson topics. 


SAFETY MOT ICE 


an AME/ you will become qualified in the maintenance of lif 
ppotrt systems on naval aircraft. The term "life support" de 
at every maintenance person in the AME rating be extremely 
owledgeable about all safety precuations and develop safety 
nscious habits when performing maintenance on one of these 1 
pport systems. Many times a pilot has only one chance for 
rvival and that chance is directly related to how well you 
rform your job as an AME. 


HOW TO USE THIS STUDENT’S GUIDE 


.s Student's Guide has been prepared for you to use while 
:ending the Aviation Structural Mechanic E (Safety Equipment) 
irse, Class Al. The notetaking sheets will provide you with 
5le space for taking notes on the required lesson information 

.s volume contains the following types of instruction sheets: 

Assignment sheets for each lesson topic to direct your 
horoestudy efforts. 

Notetaking sheets containing both lesson topic outlines and 
ample blank space for personal notetaking. 

Job sheets, as required, will guide you step-by-step in a 
practical work assignment. 


iirtxun, rrom qiven licj-e xu 


match, from given listq t-h<s 


ese objectives are enhir«i„ 

entirely supported by this lesson topic- 

1.1 SPr.E'r’m ir.. . '-'i-’xu. 


IT xtratjun tODiP* 

•1 SELECT, from a given list th 

make up the atmosphere!' ' Percentage of gases that 


L*2 SELECT, from a given list th 

level. partial pressure of oxyg 


3 MATCH, from a given list /t • - 

starvation and decreasina caused by oxygen 

descriptions. atmospheric pressure witrthe 


-4 SELECT, from a given list fo u 

oxygen. ^ four characteristics of gase. 


•5 SELECT, from a given list th^ p 

liquid oxygen. ' characteristics of 


6 SELECT, from a given list th *. 

naval and Marine Corps L^craft used 


7 MATCH, from a given list the 

with their names and descripUons!^ 3>^ades of gaseous c 


8 SELECT, from a given list th n, 

-e in oxygen In na^a^i a^^ --i-ent 

SET.P.rrp f: . ^ Ciircratt. 


3 SFTPprp Ciircratt. 

SELECT, from a given list 

P-autlons that must be obser^^d°^h\^^ 


0 SELECT, from a given list 

precautions to observe when ha!d? safet 

*'^n<31ing and storing liquid 


1 SELECT, from a given list fr. 

Of the five cha?acLrisLcs ofT°^ characteris 

riscics of gaseous nitrogen. 

MAmriTT r- ^ 


^ from a given list th 

their uses. three types of nitrogen v 


I SELECT, from a given list fi 

to observe when safety 


■.IARI7.ATI0N WITIi AIRCRAFT LIQUID OXYGFN SYSTEMS 


[NAF. ORJECTIVL 

5 objective is partially supported by this lesson topic.) 

PERFORM an operational check of: an aircraft liquid oxyqen 
system, under supervision, in accordance with NA 
0.1-40AVA-2-4 . Record the maintenance action on appropria 
source document(s), in accordance witli OPNAVINST 4790.2 
(series). All entries must be legible and correct. Tool 
control procedures and safety precautions must l^e observe 
in accordance with OPNAVINST 4790.2 (series) and 5101.2 
( series ) . 

..ING OBJECTIVES: 

30 objectives are supported partially by tins lesson topic.) 

PERFORM a da i ly/preoperat iona 1 inspection of a TMU-70/M 
liquid oxyqen servicing trailer, under supervision, in 
accordance with NA 19-250-26. 

SERVICE an aircraft liquid oxygen converter, under 
supervision, in accordance with NA 02“40-AVA-?.~2 and flA 
19-240-26. A maximum of two errors will be allowed. 

sorted entirely by this lesson topic.) 

L4 SELECT, from a given list, the advantage of a liquid 
oxygen system as compared to a gaseous system. 

L5 MATCH, from a given list, the three types of liquid oxyqe 
systems with their pressure and flow rate. 

L6 MATCH from a given list, the components of a liquid oxyge 
system with their purpose and location, 

17 Using a liquid Oxygen Flow Schematic, TRACE the normal 
operation of a liquid oxygen System. 

18 SELECT, from a list, the safety precautions pertaining to 
liquid oxygen. 

MATCH, from given lists, the names of the components of a 
aircraft liquid oxygen system with their purposes, in 
accordance with NA-01-40-AVA-2*-2 . 


TERMINAL OBJECTIVE 


(This objective is partially supported by this lesson topic 

2.0 PERFORM an operational check of an aircraft liquid o: 
system, under supervision, in accordance with NA 
Oi-40AVA-2-4. Record the maintenance action on appri 
source documentls) , in accordance with OPNAVINST 479 
(series). All entries must be legible and correct, 
control procedures and safety precautions must be ob 
in accordance with OPNAVINST 4790.2 (series) and 510 
( series) . 

ENABLING OBJECTIVES: 

(This objective is partially supported by this lesson topic 

2.4 MAINTAIN tool control procudures as outlined in the 
OPNAVINST 4790.2 (series) current instruction, docum 
actions in accordance with Job Sheet. 

(These objectives are supported entirely by this lesson top 

2.1 PERFORM a daily/preoperational inspection of a TMU-7 
liquid oxygen servicing trailer, under supervision, 
accordance with NA 19-25D-26, 

2.1.19 SELECT, from a given list, the purpose of the TMU-70 
loss Close-loop liquid oxygen storage tank. 

2.1.20 SELECT, from a given list, the three major component 
TMU-70/M Trailer. 

2.1.21 SELECT, from a given list, six safety precautions tc 
observed when working with liquid oxygen. 

2.1.22 Using a TMU-70/M Schematic, TRACE the procedure to k 
followed when filling the TMU-70/M. 

2.1.23 MATCH, from a list, the components of the TMU-70/M v 
their purposes or descriptions. 

2.2 SERVICE an aircraft liquid oxygen converter, under 
supervision, in accordance with NA 01-40-AVA-2-2 anc 
19-25-0-26. A maximum of two errors will be allowec 


[NTENANCE OF AN AIRCRAFT LIQUID OXYGEN SYSTEM 

iMINAL OBJECTIVE 

ns objective is partially supported by this lesson topic.) 

) PERFORM an operational check of an aircraft liquid oxyge 
system, under supervision, in accordance with NA 
01-40AVA-2-4 . Record the maintenance action on appropri 
source document(s), in accordance with OPNAVINST 4790,2 
(series). All entries must be legible and correct. Too 
control procedures and safety precautions must be observ 
in accordance with OPNAVINST 4790.2 (series) and 5101.2 
( series ) . 

IDLING OBJECTIVES: 

lese' objectives are supported partially by this lesson topic, 

L PERFORM a daily/preoperational inspection of a TMU-70/M 
liquid oxygen servicing trailer, under supervision, in 
accordance with NA 19-250-26. 

I SERVICE an aircraft liquid oxygen converter, under 

supervision, in accordance with NA 02-40-AVA-2-2 and NA 
19-240-26. A maximum of two errors will be allowed, 

) MATCH, from given lists, the names of the components of 
aircraft liquid oxygen system with their purposes, in 
accordance with NA-01-40-AVA-2-2. 

iGse objectives are entirely supported by this lesson topic) 

L,24 SELECT, from a given list, the acceptable amount of LOX 
that may be lost through evaporation in one 24 hour peri 

L.25 SELECT, from a given list, the purpose of a functional t 
of a liquid oxygen system, 

L.26 MATCH, from a list, the major procedural steps, in 

sequences, to use when filling an aircraft liquid oxygen 
system. 

1.27 SELECT, from a given list, five safety precautions in 
handling of liquid oxygen. 


Of' SHOP support equipment 
'>i.;!:';Trvr:; None. 

: 0Bji-;c'[’ivES 

are partially supported by this lesson topic) 

P!:rI'' 0R'5 routine maintenance and cleaning of classroom and 
-Oiop equipment in accordance with course instructions. 

'tAlNTAIN tool control procedures as outlined in the 
OPNAVINST 4790.2 (series) current instruction, documentint 
net ions in accordance with Job Sheet, 


INTRODUCTION TO OXYGICN AND NITROGEN 


RENCES : 

Maintenance Planning Manual, Navy Models P-4B, F-4J, and RF 
Aircraft, NIV0.1-245FDD-2-0, 1 January 1967. 

Handbook of Operation, Service, and Repair Instructions wit 
Parts Breakdown, High Pressure and Liquid Nitrogen Service 
Vehicle, NV719-25E-19, 1 June 1960. 

Aviation Structural Mechanic E 3 & 2, NAVEDTRA 10309-D, Cha 
10 pages 10-1 through 10-5 and 10-20, 

Aviation Crew System Oxygen Equipment, NAVAIR 13-1-6.4, 

Gas Cylinders, {Storage Type) Use, Handling and Maintenance 
AN06-20-2, 25 June 1956. 

Programmed Instruction Booklet, “Introduction to Oxygen and 
Nitrogen", CNTT-P-519Q-PAT. 

TAKING OUTLINE 

ATMOSPHERIC CONDITIONS 

1. Composition of atmosphere 

Atmosphere is the body of gases surrounding the earth 

composed of, by volume, nitrogen, oxyge 

1% other gases. 

2. Pressure 

a. Atmospheric pressure at sea level is p.s.i. 

Oxygen comprises of the atomosphere by weig 

b. Thus the partial pressure of oxygen at sea level is 
three p.s.i., which is necessary to sustain life. 

NOTE: (.23 X 14,7 = 3) Oxygen percentage of volume 

times atmospheric pressure equals oxygen par 
pressure . 

3. Effects on human body 

a. With an increase in altitude, the partial pressure 

oxygen . 

b. A deficit of oxygen in the blood is known as 


d. A rapid ascent to a higher altitude with resulting 
exposure to lowered air pressure is called 

(air bends). 


OXYGEN 

1. Types 

a. Type I, gaseous 

(1) Grade A aviator's breathing 

(a) Oxygen is delivered in painted 

cylinders with a two inch wide white band. 

(b) Specification requires this grade to be 99. 
pure . 

(2) Grade B medical-industrial 

Medical-industrial oxygen is delivered in green 
painted cylinders with white tops. 

(3) Grade C technical-cutting and welding 

Technical-cutting and welding oxygen is deliver 
in cylinders painted entirely green. 

b. Type II, liquid 

It is stored in vacuum insulated containers at or h 
its boiling point of minus . 

NOTE: Type I, Grade A gaseous and Type II, liquid 
the only type of oxygen used for aviators 
breathing . 

2 . Characteristics 

a. Physical conditions 

(1) Gaseous 

Gaseous oxygen is , , taste 

forms about 1/5 of the atmosphere by volume. 

(2) Liquid 

(a) Liquid oxygen is pale blue in color and wei 
approximately 9.6 pounds per gallon. 



u. uoncamination 


(1) Source 

Oxygen readily combines with other gases, odors frc 
equipment, or the air from which oxygen is 
manufactured . 

(2) Limits 

Detection of any odor, however small, is reason to 
suspect it of being contaminated, 

( 3 ) Corrections 

Contamination is eliminated by with pur< 

oxygen or hot water pumped nitrogen”. 


c. Reaction with fire 

(1) Oxygen in itself is noncombustible but will support 
combustion. 

(2) Material that will burn in air will burn with great 
speed and heat with pure oxygen. 


d. Reaction with hydrocarbons 

(1) Oxygen is very dangerous and explosive when brought 
into contact with any hydrocarbon (liquid or solid 
compound of carbon and hydrogen), 

(2) A test for hydrocarbons is required on all oxygen : 
storage containers, 

e. Uses in naval aircraft 
(1) Purpose 

Provides the pilot and crew with sufficient oxygen 
under all to enable them to 


(b) It is used on all night flights trom the (jr*.) 

up to improve vision. 

(c) Squadrons with jet aircraft use oxygen from i 
ground up. 

Procurement 


1) Gaseous 

(a) Gaseous oxygen is measured and ordered 1 )y 
received in storage cy,Lind(jrV; , 

(b) The size is determined by the operational us. 

frorthe^ib available thronqh (> 1 „„||, 
from the ship's manufacturing plant. 


( 2 ) Ligu id 

(a) oxyg en is measured and ordered by tm, 


It is stored in vacuum insulated containorn. 
/ \ . 


orde're°d%rom''cl":;rcj^l'fcU^?t?es? 


(d) Aboard lara^K- cko. 

JITROGEN '"anufaotured on ho; 

• Characteristics 


Witroqen i«5 =« • 

-pport life ^i^hter than air and will 


starvation'" thraas^t^preven't^My^'In'"""' 

1 - 1 


Physical conditions 
Gaseous 


tasteless colorless, odorless, and 


ij i 4U i u 


Liquid nitrogen is clear in color and is stored j 
vaciuim insulated containers at or below its boilJ 
of minus . 

3. Used in naval aircraft 
a. Gaseous 

(1) Water pumped 

(a) Water pumped (dry) nitrogen is used to 

oxygen systems, thereby decreasing the me 
content in the systems. 

(b) This V7ill prevent freezing tempertures ft 
the system with ice. 

(c) Water pumped cylinders are identified by 
cylinder with two, two inch black bands. 

( 2 ) Oil pumped 

(a) Oil pumped nitrogen is used in pneumatic 
cylinders instead of air and for the expi 
agents such as fire extinguishing agents. 

(b) Oil pumped cylinders are identified by a 
cylinder with a two inch black band. 

NOTE: Never use oil pumped nitrogen to f 

oxygen systems, 

( 3 ) Liqu id 

Liquid nitrogen is used as a means of coolinc 

electronic equipment is some aircraft, 

SAFETY PRECAUTIONS 

1. Operational 
a. Oxygen 

(1) Gaseous 

(a) Never allow oxygen to come into contact v 
hydrocarbons. 

(b) Never operate equipment unless you underj 


oxygen equipment. 


(2) Liquid 

(a) Always wear protective clothing when working 
around liquid oxygen. 

(b) Never allow liquid oxygen to come in contact v\ 
the body or be trapped in clothing. 

(c) Keep liquid oxygen clear of all hydrocarbons, 
b. Nitrogen 

( 1 ) Gaseous 

(a) Do not breath nitrogen. 

(b] Do not use oil-pumped nitrogen in or around 
oxygen equipment. 

(2) Liquid 

(a) Never allow nitrogen to vent in a closed space 

(b) Never allow nitrogen to come in contact with t 
body. 


Transporting 

a. Oxygen 

(1) Gaseous 

(a) When transporting in trucks, storage cylinders 

should be secured together in an 

position. 

(b) Never permit storage cylinders to be handled v 
electromagnets, rope or chain slings. 

(2) Liquid 

(a) Ensure storage containers are properly securec 

(b) Never transport liquid oxygen in a sealed 
container. 

b. Nitrogen 


(b) Never handle cylinders with a chain or rope 
sling. 

( 2 ) Liquid 

(a) Ensure liquid containers are properly secured 

(b) Never transport liquid nitrogen in a closed 
container. 


Storing 
a. Oxygen 

(1) Oxygen 

(a) Do not store near any extreme source o£ heat. 

(b) Store oxygen away from inflammable materials. 

(c) Store and cylinders 

separately. 

(d) Assure free ventilation in storage building. 

(e) No smoking within of storage area. 

(2) Liquid 

(a) Assure free ventilation in any compartment wh 
liquid oxygen containers are stored and that 
containers are vented to prevent 


(b) No smoking in or around a liquid oxygen 
compartment . 

(c) Storing compartment shall be cleaned and isol 
from hydrocarbons and hydrocarbon fumes. 

b. Nitrogen 

(1) Gaseous 

(a) Store empty and full cylinders separately. 

(b) Ensure free ventilation to prevent concentrat 
gas . 


(2) Liquid 


g, fffever handle oxygen or oxygen equipment with gj^asy hand 
tools, or clothing. 

3, Hever let fittings, hose, or any oxygen equipment get 
smeared with oil, grease, hydraulic fluid, or dirt, 

4* Cylinders shall never be used for gaoofl or liquid other 
than that indicated by the cylinder marklngfl. Hydrogen 
or other hydrocarbon gas will cause a serious explosion 
If mixed with oxygen. 

5. Never permit oxygen cyllndera to como in contact with an 
electrical welding circuit or apparatus. 

6. Do not allow sparks or flamce from a welding or cutting 
torch or any other source to contact cylinders. 

7. Never use oxygen from a cylinder without reducing the 
pressure through a regulator or pressure reducer. 

6. Never teat for line leaks or blown-up lines with oxygen, 
unless lines are specifically made and cleaned for oxygo 
use. 


9 . Never use oxygen for pneumatic tools; for starting diooe 
engines; as a pressure agent in an oil rooervoir; for 
paint spraying; or for any use other than breathing, 
welding, cutting, and testing oxygon equipment. 

10* Oxygen must not be stored or used near flammable materia 
or any substance likely to start or accelerate fire. 
Oxygen Is not tnflanunable but it supports combustion wit 
intensity. 

11* Oxygen cylinders rust not bo stored with hydrogen or oth 
combustible gas cylinders in an unventilated place. If 
etowd inside, they should be separated by a flre-resiat 


1 »* 


Do not store oxygen cylinders 
machlnoiy, cranes, or bolts, 
explosion and fire. 


and apparatus under moving 
Oil may drop and cause an 


13 . Do not use nitrogen transfer pump* for transferring oxyg 

b»j^intalne<» at a temperature no 


figure 3.1-1 


Safety Precautions For Handling Gaseous Oxy 


13* Cylinders will never be used as rollers, supports, 
any purpose other than for the transportation of c< 
gases, even though they are empty. Use of cyllnde: 
any unauthorized purpose may result in valve damage 
dirt contamination which, In turn, would be contri\ 
factors to future accidents and danger to personnej 

Compressed gases will never be used to dust off cl( 
as serious injury to the eyes and body may result. 

17* Pry bars must never be used under valves or valve < 
pry cylinders loose when frozen or fixed to the gr< 

l8« Valve protective caps. If frozen, shall be thawed c 
warm room. Do not use a steam hose to thaw them < 
the fusible safety plugs may melt and allow discha: 
cylinders. 

19* Cylinders must be protected against excessive rise 
of temperature. Cylinders will be stored inside wl 
possible, and, if not, they may be stored in the o] 
they must be protected from extreme weather condlt; 
and also from the ground to prevent rusting. 

CO# Cylinders stored In the open must be protected fror 
acciAmulatlon of Ice and snow. In the summer, cylir 
stored in this manner will be protected or screenec 
direct rays of the sun. 

Cl* Wever fill a low-pressure system from a high-pressv 
source without a pi^ssure reducer and a frangible t 
disc, which is designed to burst at the maximum al^ 
pressure In the low-pressure syetem, 

CC# Never fill oxygon cylinders which have an expired 
hydrostatic teu't dave (five years). 

• Only qualified operators shall operate recharge eqi 
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PHYStCAL characteristics OF 
liquid oxygen 


LlOUlO OXYGEN. COMMONLY KNOWN AS LOX . IS PAt 
BLUE IN COLOR, FLOWS LIKE WATER, AND WEIGHS 
POUNDS PER GALLON LOX " IS EXTREMELY COLD 
INTO GASEOUS OXYGEN At ATMOSPHERIC PRESSURE ^ 
TEMPenATURE OF - 297 OF THELlQUlO HAS A VOLUM 
PANSION RATIO OF 062 TO I, WHICH MEANS THAT A 
Of LIQUID WILL expand B62 TIMES WHEN CONVEf 
A GAS AT atmospheric PRESSURE. "LOX” HAS A 01 
OF I-IA GRAMS PER ff AND |TS LATENT HEAT OF VAPI 
TiON IS 50 9 calories PER GRAM 


safety precautions 


Avoid touching bare metal lines containing " 

AS BARE SKIN WILL INSTANTLY FREEZE TOTHE 

metal 

WHEN A COMPLETELY EMPTY SYSTEM IS SERVICED, 
"LOX ■■ MUST BE ADDED SLOWLY TO COOL THE SYSTEM 
MENT DOWN TOTHE •279'^F STORAGE TEMPERATU 
eOUlPMENT MAY BE DAMAGED BY THERMAL SHOC 
EXCESS PRESSURE if THE "lOX" IS FORCED IN TOO 1 

CAUTION NEVER seal 'lox" in an UNVCNTE 
TAINER "lOx" sealed OFF AT ROOM TEMPERATU 
develop a PRESSURE OF MORE thAN i2,000 PS 


PW/WG don't get carried away with YOUR 
m. LIKE SOME OTHER AIRCRAFT SYSTEMS, THE "lOX" 
TEM CAN BE DANGEROUS AND MUST BE RESPECTED. OuT. 
E UNDERSTOOD CERTAINLY NOT FEARED. PERSONNEL 
ICNATEO TO SERVICE THE LOX" SrSTEM MUST 8£ 
)ROUGHLY FAMILIAR WITH LIQUID OXYGEN PROPERTIES. 

) SKILLED IN ITS USE. THE FOLLOWING PRECAUTIONS 
»T BE ADHERED TO WHEN HANDLING "LOx" 


SAFETY PRECAUTIONS 


'ER STORE OR HANDLE "LOX" IN A POORLY 
itilated area or CLOSE TO inflammable materials. 
lANiC MATERIALS SUCH AS CLOTHING. CIGARETTES 
I OILS, WHEN SPLASHED WITH LOX, WILL BURN 
.ENTLY IF IGNITED WITHIN SEVERAL MINUTES AFTER 
'OSURE. FLAMES, SPARKS. BURNERS, HEATERS AND 
AUSTS MUST BE KEPT AWAY FROM "LOx" STORAGE 
ISELS, PORTABLE UNITS AND THE AIRPLANE WHILE 
ID IS BEING TRANSFERRED. 

VOT SUBSTITUTE EQUIPMENT WHICH iS PROVIDED FOR 
OUNG'‘LOX'.' the PHYSICAL PROPERTIES OF MANY 
'ERIALS ARE QUITE DIFFERENT WHEN AT -29r®F THAN 
Y ARE AT ROOM temperature. RUBBER SHATTERS LIKE 
SS, SOME METALS GET BRITTLE AND LOSE THEiR STRENGTH 

EXTREME COLO OF "lOx" WILL INSTANTLY PRODUCE 
VFUL BURNS IF HELD IN CONTACT WITH THE SKIN PRO- 
:TIVE EOUlPMENT, CONSISTING OF A SUITABLE FACE 
•LO, APRON AND GLOVES MUST BE WORN WHEN 
DOLING ’’lOX'.' 




® Personnel designated to service the system must be 
ciroughly /emiliar with liquid oxygen prop^rtlet and 
illed in its use. 

0 Never seal liquid oxygen in an unvented container, 
sealed off at room temperature, It can develop a pres- 
re of more than 12 . 0 ()ti psi, 

® Do not use anthelie and thread sealing compound 

1 flared tube connections. 

@ Never apply comjmund on flare to prevent leakage. 

® Keep all oxygen eoulpmenr, lines, and flttings free 
om grease, dirt, nil, and leaks. 

& Use antl'icing fluid (MtL-I' ))6d) for cleaning the 
itside of metal parrs artd lines, 

0 Use a mild soap solution (M!L'S-4282) for clean- 
g rubber parts and fur leak testing the oxygen system. 

0 The . liquid oxygen converter Is a high vacuum 
fiermos" type. Extreme care should be exercised to 
old damaging the converter by striking sharp objects. 

$ Never store or handle oxygen In a poorly ventilated 
ea or close to flammable materials. 

d Organic materials such as clothing, cigarettes, and 
Is, when splashed with liquid oxygen, will burn vlo- 
uly if ignited within several minutes after exposure. 

0 Flames, sparks, burners, heaters, and exhausts must 
kept away from storage vessels, portable units, end 
e aircraft while fluid is being transferred. 

0 Do not substitute equipment which Is provided for 
ndling liquid oxygen. The physical properties of many 
iterlals are quite different at — 183*C (— 297*F) from 
elr properties at room temperature. At such extreme 
Id, rubber shatters like glass; .ome materials get 
Ittle and some lose their strength, etc. 

# Protective equipment consists of a suitable face 
ield, apron, and gloves which must be worn when 
ndling liquid oxygen. If liquid oxygen accidentally 


0 In case oi lindy loiU'ict, or if there is tiMsd 
suspect that a pxrt id ilic hnily has been tirtlil 

seek medical aid iinmcdi'tlely. Do not loitrii any m 
liqiiiii oxygen system metal lines witli hare liaiiil 
the skin u-ill freeze iiistuntly. 

0 When transferring liquid oxygen, ensure inlii 
versiiUtion by opening all available ports Hiid Int 
Never use, or attempt to use, IHOO psi g.isetnis ox 
transfer cquiprnent to transfer llqiiitl oxygen, <ir 
versa. Never use oxygen equipment to store or trai 
any other gas or liquid. 

0 When recharging an aircraft oxygen .system, cr 
that the aircraft is in an open area, is not being fii 
is properly grounded, and has no internal or cxii 
power on. 

• Wlien handling liquid oxygen, ensure thiit 
extinguishing equipment is readily avaitalslc, thiii 
tonnel are clear of the vent area anil ilmt the ii 
diate vicinity of the vent area Is free from grease 
or any other combustible material. 

0 Liquid oxygen spillage should be avoided. In 
of accidental spillage, the area should be thorou 
ventilated. 

0 When transferring liquid oxygen, open valves s 
then close about one-quarter turn. This will preclud 
possibility of the valve freezing in the wide o^ver 
sition. 

0 Tools and clothing must be free of oil and gt 

0 Do not carry "strike anywhere" matches in II 
oxygen handling areas. 

0 Moisture must not be introduced into the syi 
Ensure that no moisture is present on fliler vals 
filler nozzle before they are connected. 


ASSIGNMENT SHEET 3.1.1A 
INTRODUCTION TO OXYGEN AND NITROGEN 

PRODUCTION 

understand oxygen and nitrogen and their uses, a look at the 
nosphere must be taken. The air we breathe is not all oxygen 
:bon dioxide, or nitrogen? it is a mixture of gases. The act 
5 in the atmosphere is oxygen, which is essential to our brea 
] without it animal life would cease to exist. 

<MI[JAh OBJECTIVE 

nported partially by this lesson topic: 

) 

VBLING OBJECTIVES 

sported partially by this lesson topic: 

L, 2.2, 2.3 

sported entirely by this lesson topic: 

L. 1 through 2.1.13 
JDY ASSIGNMENT 

Review NoteUaking Sheet 3.1. IN. 

Read Aviation Structural Mechanic E 3 & 2 Manual, NAVEDTRA 
10309-D. Chapter 10, pages 10-1 through 10-5 and page 10-2 

Complete program instruction "Introduction to Oxygen and 
Nitrogen, CNATT-P-5190 PAT". 

JDY QUESTIONS 

Answer the following questions by circling the right letter 
letters . 

Select the percentages of the gases that make up the atmosp 

a. 78 percent nitrogen, 21 percent oxygen, and 1 percent 
other gases. 

b. 79 percent oxygen, 21 percent other gases, and 1 percen 
nitrogen. 


gases . 


The partial pressure of oxygen at sea level is 

a , 21 ps i , 

b, 14.7 psi . 

23 psi, 

d . 3 psi . 

'■latch each of the three physical conditions caused by oxyger 
starvation or decreasing atmospheric pressure, listed in col 
with its description listed in column B. 

B 

a. A complete depletion of ox 
in the bloodstream which r 
suits in death. 


b. An increase in atmospheric 
pressure, which causes the 
bends . 

c. A deficiency of oxygen in 
bloodstream, which may cai 
drowsiness, impaired memot 
or blurred vision. 

d. A decrease in atmospheric 
pressure, which causes the 
nitrogen in the bloodstrec 
expand, producing pain in 
joints and itching skin. 

Select the four characteristics of gaseous oxygen. 

a. Odorless. 

3. Pale blue. 

3. Tasteless. 

I 

3, Colorless. 

2 . Has a slight odor. 

Forms about 1/5 of the atmosphere by volume. 


A 

(1) Hypoxia 

(2) Anoxia 

(3) Aeroembolism 


Select the four characteristics of liquid oxygen, 
a. Boils at a temperature of -297°F (-183°C). 

D. Colorless. 

c. Weighs approximately 9.6 pounds per gallon. 

Strong affinity for liquid nitrogen. 

Expands at ratio of 862:1. 

f. Boils at a temperature of -320°F (-904°C). 

g. Pale blue. 

Select the two types of oxygen used in naval and Marine Cc 
aircraft . 

a. Type B, gaseous 

b. Type I, gaseous 

Type A. liquid 

Type II, liquid 

Match each of the three grades of gaseous oxygen, listed i 
column A, with its name and description listed in column B 

A B 


( 1 ) Grade A. a. 

(2) Grade B. 

(3) Grade C. 

b. 

c . 


Aviators' breathing oxyg 
99.5 percent pure and st 
a green cylinder with a 
inch wide band. 

Industrial, cutting, and 
welding oxygen--s tored i 
cylinder that is painted 
entirely blue. 

Medical-technical oxygen 
stored in a green cylind 
a white top. 


8. Select the three flight requirements for the use of oxygen 

naval and Marine Corps aircraft. 

a. Oxygen must be used on all night flights above 18,000 1 

b. Oxygen must be used from the ground up in all flights. 

c. Oxygen must be used from the ground up on all night fli 
in order to improve vision. 

d. Oxygen must be used from the ground up in jet aircraft 
in the day and in the night. 

e. Oxygen must be used on all flights above 10,000 feet. 

9. Select four of the six basic safety precautions that must t 

observed when gaseous oxygen is used, 

a. Never allow oxygen to come into contact with hydrocarbc 

b. Oxygen cylinders should be laid flat when they are trar 
ported . 

c. Do not smoke within 50 feet of an area where oxygen is 

d. Never handle oxygen-storage cylinders with electromagnc 
ropes, or chain slings. 

e. Store oxygen in a closed space only. 

f. When oxygen cylinders are transported, they should be s 
together in an upright position. 

g. Do not store oxygen near sources of extreme heat. 

h. Do not smoke within 100 feet of an area where oxygen is 
s tored . 

i. Store oxygen in a well ventilated area, 

10. Select four of the five basic safety precautions to observe 

handling and storing liquid oxygen. 

a. Always wear protective clothing when working around lie 
oxygen. 

b. Never allow liquid oxygen to come in contact with air. 

c. Ensure that storage compartments and containers are pre 
ventilated in order to prevent pressure from building \ 


£. Never allow liquid oxygen to come in contact with the k 
be trapped in clothing, 

g. Liquid-oxygen containers must be stored at a temperatur 
-183°C or below. 

h. Keep liquid oxygen clear of all hydrocarbons. 

Select four of the five characteristics of gaseous nitroger 

a. Tasteless. 

b. Heavier than air. 

c. Lighter than air. 

d. Will not support life and is not combustible. 

e. Colorless. 

f. Odorless, 

g. Has a slight odor. 

h. Clear in color. 

i. Unstable in its gaseous state. 

Match each of the three types of nitrogen, listed in columr 
with its use and description listed in column B. 

A B 


Water-pumped (dry) 

a. 

Used in pneumatic cylinde 

nitrogen. 


as an expulsion agent. i 
in a cylinder that is pai 

Oil-pumped nitrogen. 


gray with a two inch blac 
around it. 

Liquid nitrogen. 

b. 

Used to purge oxygen syst 
Stored in a cylinder that 
painted gray with two, tv 
black bands around it. 


c • 

Used to cool electronic 
ment in some aircraft. i 
in a vacuum insulated 
container . 


d. 

Used to purge hydraulic 


Select five of the six basic safety precautions to observe whc 
handling and storing gaseous and liquid nitrogen. 

a. Do not smoke within 50 feet of nitrogen-storage areas. 

b. Do not breathe nitrogen. 

c. Do not use oil-pumped nitrogen in or around oxygen equipnu 

d. Do not store nitrogen with flammable materials. 

e. Never transport liquid nitrogen in a vented container. 

f. Ensure that liquid-nitrogen containers are properly ventec 
order to prevent pressure from building up. 

g. Ensure that nitrogen-storage areas are properly ventilatec 

h. Do not allow nitrogen to come in contact with hydrocarbons 

i. Never allow liquid nitrogen to come in contact with the be 

j. Never handle a gaseous-nitrogen cylinder with a chain or c 
rope sling. 


NOTETAKING SHEET 3. 2. IN 


FAMILIARIZATION WITH AIRCRAFT LIQUID OXYGEN SYSTEMS 
tEFERENCES: 

Handbook, Maintenance Instruction, Navy Models A-4A and A' 
Aircraft, NW 01--40AVA-2-4, 15 November 1969, Section IV, i 
Systems, pages 4-94 through 4-117. 

1. Maintenance Instructions Manual, Navy Models F-4A, F-4B, 
and RF-4B Aircraft, General Airframe Information, Nl’J 
01-245FDB-2-2-1 , 1 April 1969, Section III, Liquid Oxygen 
Systems, pages 3-10 and 3-13. 

1 . Aviation Structural Mechanic "E" 3 & 2, NAVEDTRA 10309-D, 
Edition, Chapter '10, Oxygen Systems, pages 10-4 through li 
10-16 through 10-20. 

lOTETAKING OUTLINE: 

L. Advantages of liquid oxygen systems: 

1. A liquid oxygen system operates at a relatively low pi 

operating at maximum of . 

2. Liquid oxygen expansion ratio of 062 to 1 greatly inci 
the oxygen duration. 

3. At the same time it saves space and weight by allowim 
converter to replace several gaseous oxygen cylinders 

1 . Types of systems: 


1. 

Low pressure 

65 to 75 p.s. i . 


Low flow 

liters per minute. 

2. 

Low pressure 

65 to 75 p.s. i. 


Medium flow 

liters per minute 

3. 

High pressure 

350 p.s.i. (maximum) 


High flow 

liters per minute. 


. Components & Operation 

NOTE: The following specified pressure pertains to the A- 

craft only. Pressure ranges will vary with differ< 
aircraft. 


1 . 


Converters 


personnel using it. 


c. and liter converters are the cominor 

used . 

6 , Location oC the converter varies v;ith the aircraft 
manufacturer . 

Liquid oxygen differential check valve. 

a. This valve is to the closed 

position. 

b. It is connected between the bottom of the converter 
(liquid side) and the supply line. 

c. When pressure in the supply line drops to five p.s.i., 
below the pressure on the liquid side, the valve open? 

d. This allows a small amount of liquid oxygen to flow ir 
the supply line. 

e. By doing this# it oxygen by metering it on 

demand, 

f. rt also prevents liquid from entering the heat exchanc 

during the . 


Buildup/vent valves (see figure 3.2-1) 

a. These valves permit liquid oxygen systems to be _ 

during the filling process when placed in "vent" ~ 
pos i t ion . 

b. They also the pressure in the system when plac 

in " ” position. 


c. Types 

(1) Manual: On earlier systems a manual valve was us< 
used to place the system in "vent" and "buildup". 

( 2 ) Combination . 

(a) On later installations a combination fill/ 
buildup/vent valve is used. 

(b) This eliminates 


Operation 


TO FfLL, VENT AND 
BURD-UP VAIVE 


TO 



(b) In some aircraft the dust cap cannot be rer 
with the system in buildup/ or it is imposj 
to close the access door before the handle 
returned to buildup. 

( 2 ) Combination 

(a) This valve is spring loaded to the 

position. 

(b) It is automatically vented when a filling < 
is attached to the filler valve. 

4, Filler valve 

a. Purpose 

(1) This valve is spring-loaded to the closed posii 
allows the filling of the converter, and keeps 
liquid oxygen escaping after the converter has 
filled. 

(2) This is a quick-disconnect fitting. 

b. Operation 

(1) When the transfer hose of the servicing trails* 
connected to the filler valve of the converter 

check in the hose that of the 

valve . 

(2) This permits the liquid to enter the converter 

5. Buildup coil 
a. Purpose 

(1) A liquid oxygen system will not function witho 


(2) Pressure buildup is and is accompli; 

the buildup coil. 

b. Operation 

(1) The and/or pressure of liquid oxygen i 

converter forces liquid oxygen out of the bott' 
into the pressure buildup coil. 


(2) The liquid oxygen absorbs heat which is transf 


Pressure closing valve 

a. Purpose 


(1) This valve is known as the of the liquid 

oxygen system. 

(2) It controls the normal operating pressure of the 
liquid oxygen system. 

b. Description and location 

This is a bellows operated valve connected in the sys 
between the buildup vent valve and the pressure openi 
valve . 

c. Operation 

(1) With the system unpressurized, the normal positic 

the valve is . 

(2) The internal arrangement is such that at a conver 

pressure of plus or minus ( + ) 2 p.s.i., th€ 

valve closes, allowing no gaseous oxygen to flow 
the top of the converter. 

(3) With converter pressure less than plus or 

minus ( + ) 2 p.s.i., the valve opens and allows 
gaseous oxygen to flow to the top of the convert? 
keeping it at a constant plus or minus (4^) 

p.s.i.. 

Pressure opening valve 

a. Purpose 

This valve opens under pressure, controlling 

operating pressure of the liquid oxygen system. 

b. Description and location 

This is a bellows operated valve, connected into the 
system between the pressure closing valve and the ox; 


c. Operation 

(1) At a converter pressure of 00 p.s.i., plus or mii 

p.s.i., this valve , allowing gaseous 

oxygen from the topside of the converter to ente 


(3) As pressure is reduced below 80 p.s.i./ plu 
(+^) 1 p.s.i., the valve closes, closing off 
side of the converter to the supply line, 

8. Low-pressure relief valve 

a. Purpose 

This valve relieves the converter of excessive 

by venting the excess gaseous oxygen overboard. 

b. Description 

(1) This valve is installed if the system betwe 
top of the converter and overflow vent line 

(2) It is spring-loaded to the closed position. 

c. Operation 

(1) This valve is preset to open at a pressure 
p.s.i. plus or minus 10 p.s.i.. 

(2) This relieves the converter of excessive pr 

9. Oxygen "on-off" switch and high pressure relief val 

a. Purpose. 

(1) The of oxygen to the oxygen mask regu 

controlled by manually selecting the "on" o 
position. 

(2) This switch is necessary because the pilot 
remove his mask from the aircraft once a fl 
completed . 

(3) There must be some means of controlling the 
flow, 

(4) The high-pressure relief valve will relieve 

pressure should the 

fail, 

(5) All aircraft will not employ an oxygen swit 
will all aircraft have two relief valves. 


b. 


Description. 


(1) The oxygen "on-off" switch and high-pressure relief 
valve is a three-port valve installed as an integral 
unit, 

(2) This unit consists of an 

, and 


c. Operation 

(1) By positioning the oxygen switch to "on", the outlet 
(supply) port is opened and allows gaseous oxygen tc 
flow to the regulator. 

(2) Placing the switch to the "off" position closes the 
port. 

(3) The high-pressure relief valve is spring-loaded to 
the closed position and is preset to open at 
plus or minus 5 p.s.i.. 

Quantity indicating system 

a . Probe 

This is a element located inside the 

converter extending from the top of the converter to the 
,<i%bottom. 

b. Preamplifier. 

(1) Preamplifier electrical signal from the 

probe . 

(2) Electrical signal is then amplified and relayed to 
the 


c. Quantity indicator. 

(1) This unit receives signals from the preamplifier, 

indicating the quantity in terms of . 

(2) The amount of liters depends on the size of the 
converter. 

(3) Some quantity indicators will emply a low-level 
warning light that will automatically come on when < 
preset level is registered on the indicator. 


b. It may be constructed of aluminui'n tubing ->0 

alviminum sheets with a series of 

c. Si7.e of the lieat exchanger determines tlie f 
oxygen , 

Operation of a system 

1. Filling system (see figure 3,2-2) 

a. With the build/up vent valve in " “/ 

under pressure from the portable servicing 
through the filler valve and into the conve 
the . 

b. As liquid level rises in the converter, the 

oxygen caused by normal "boil-off" is 


c. When converter is completely filled, liquid 
through the buildup/vent valve overboard at 


2. Buildup cycle, (see figure 3,2-3) 

a. Pressure buildup begins when the buildup/ve 
placed In the buildup position. 

b. Liquid oxygen from the converter fills the 
by gravity feed. 

c. Heat transfer through the walls of the bail 
vaporizes the liquid, causing the pressure 
and circulate through the pressure 

and back to the top of the converter. This 
liquid to flow to the buildup coil. 

d. The pressure buildup continues until the pr 

plus or minus 2 p.s.i., closing the 

closing valve and stopping further buildup, 

3. Stand-by cycle, (see figure 3.2-4) 

a. With the pressure closing valve closed and 
on the system, gaseous oxygen in the top si 
converter continues to warm and expand unti 

reaches plus or minus 1 p.s.i., openi 

valve. 


a. Top (economy mode). (see figure 3.2-5) 

(1) A limited demand upon the system allows the 
to supply gaseous oxygen directly to the sl 
as a result of drawing off the gaseous oxyc 
within the top of the converter, 

(2) Continued demand supply line pre 

80 plus or minus 1 p.s.i., causing the pres 
opening valve to close. 

b. Bottom (demand mode). (see figure 3.2-6) 

(1) After the pressure opening valve closes, fi 
demand on the system continues to reduce th 
line pressure until it is 5 p.s.i. less the 
pressure. 

(2) This 5 p.s.i. difference un seats the diffc 
check valve and meters small amounts of lie 

Into the where it is transl 

gaseous oxygen. ~ 

(3) Converter pressure will build up while the 
in the demand mode until the pressure agair 
approaches 80 plus or minus 1 p.s.i., open: 

pressure valve. This switches i 

sequence back into the economy mode. 

Draining Converter. 

NOTE: A defective converter containing liquid oxygen r 

drained prior to being turned in to supply. Cor 
appropriate maintenance instructions manual for 
details. 

CAUTION: When draining converter of liquid oxygen, em 

area is well ventilated and free of unnecesst 
personnel and that a fire extinguishing equii 
readily available. Drain only into a clean ( 
of a suitable size and allow the liquid to e\ 

1. Systems with manual buildup/vent valves. 

a. Place buildup/vent valve in "vent”. 

b. Disconnect servicing hose at servicing trailer 

and place in receiving container. Then attach 

hose filler adapter to the converter filler va! 


2 . 


d. Place buildup/vent valve in vent actet 
entity . 

Systems with combination fill/buildup/vent valve 


a . 


Attach a drain line disconnect coupling to the con 

This opens the check valve in t 
supply "disconne'ct coupling and allows the liquid o 
to flow out of the drain line. 


CAUTION; The liquid will be forced out by interna 
pressure. 

b. Vihen liquid oxygen no longer flows from the drain 
remove the drain line disconnect coupling. 


Safety precautions. 

1. [llnsuro liquid oxygen is kept free of all hydrocarbons. 

2. Always wear protective clothing when working with liqu 
oxygen. 


3. Allow no smoking within 50 feet of liquid oxygen. 






i f»S« OtrPERENTiAi. Check vAuvC 
( OPENS •then pressure ••• SOPPL» LINE CCU'LET) 
IS i “SI LESS THAN COVVERTER PRESSURE tiNLETl 




FIGURE 3.2-5 — Liquid Oxygen Converter Operation (Economy Mode). 
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ASSIGNMENT SHEET 3 . 2 . lA 


FAMILIARIZATION WITH AIRCRAFT LIQUID OXYGEN SYSTEMS 
'RODUCTION 

performing your duties as an AME you will be required to n 
>air, service, and inspect liquid oxygen systems. Due to tl 
lerently dangerous properties of liquid oxygen and high pre 
d in some systems r it is extremely important that you unde 
f these systems operate and the safety precautions that re] 
[uid oxygen system maintenance. 

IMINAL OBJECTIVES 

ipported by this lesson topic.) 


iBLING OBJECTIVE 

ipported partially by this lesson topic.) 


Ipported entirely toy this lesson topic.) 
l. 14, 2.1.15, 2.1.16, 2.1.17, and 2.1,16 
JDY ASSIGNMENT 

Review Notetaking Sheet 3. 2. IN. 

Read chapter 10, pages 10-4 through 10-9, and 10-16 throi 
in the Aviation Structural Mechanic "E" 3 & 2, NAVEDTRA ! 
1982 Edition. 

Complete Programmed Instruction "A Basic Course on Gener< 
Handling of Liquid Oxygen" CNTT-N17 PAT. 

JDY QUESTIONS 

Lect from a given list the advantage (s) of a liquid oxygen 
compared to a gaseous system. 

a. Takes up less space 1. Liquid oxygen sysl 


b. Operates at a greater 
pressure 


2 . 


Gaseous oxygen 


<■> . "ii'c".!;)'-.'; lip (ji. 

f: . Stici 1 I'.ei ■ lin. ,'i ( i • III 

(j » Ctv I ’ .1 i, f' r in _ 

tch , I t om ' cjiveii l.iie t-.hireo types of; liquid oxyqen 

nteiiu; v.’ i i 1 ilioir [>rossuie und fl.ov; rate. 

U, : i: .1 1 I ■ , |.)V.» ri.OV/ 3 . 65 to 73 p.s.i. 

20 liters per m 


h. Lov; prcjssin f'uw 

c. Mi.cih pr*,^ fu;u , iiiuh I low 

tch, from a qi, veu list, tiie 
Ht<’in v;il:h l.lielr |Jurpose and 

6 . CoriverLco: 

7. l.itjuid oxyqeii 
d 1 f tie ron t ia I 
check valve 

8. Bui.ldiip/vent valves 

9 . Pi lie r valve 

10. Bui Id up co.i I 

11. Pressure closinq v<»lve 

12. Pressure oponinq valve 

1.3. Low-pressure relief: 
valve 

14. Oxyqen "on-off:” switch 
and hiqh pressure 

1 i ^ F .,= 1 


4 . 350 p.s.i, 

120 liters per 


5 . 65 to 75 p.s.i. 
70 liters per m 


components of: a liquid oxyqen 
loca t ion . 

a. relievos excessive 
converter pressure 
overl:)Odrd - located 
on convertor 

b. opens under pressur 
control I inq maximum 
operating pressure 
located on convorto 

c. opens under pressur 
controlling normal 
operating pressure 
Jocated on converts 

d. begins inital press 
buildup - located o 
converter 


e. allovvs small amount 
of liquid oxygen to 

ciinr»l\7 1 nnci - 


Heat: oxchancjer/wann 
up plate 


f. used to store and 
pressurize oxygen 

in its liquid Eorin - 
location varies with 
aircraft 

g. permits liquid 
oxygen to be vented 
during filling and 
confines pressure in 
system in buildup - 
located on 
converter 

h» controls flow of 

oxygen to regulator 
and protects air- 
craft liquid oxygen 
system - located in 
cockpit 

1. indicates amount of 
liquid oxygen system 
located in cockpit 

j • changes liquid 

oxygen to gaseous 
oxygen and warms 
gases - located in 
aircraft 

k. allows filling of 
liquid oxygen 
converter - located 
on converter 


Select from a list, the safety precautions pertaining to 

liquid oxygen. 

a. Be thoroughly familiar with your equipment 

b. Ensure liquid oxygen is kept free of all 

hydrocarbons 

c. Always wear protective clothing when 

working with liquid oxygen 

d. Do not permit open flames, spark producing 

tools or smoking in LOX handling areas. 



LCGENO 

LIQUID OXVQCN 


IZZJ 

CD 


QASeOuS OXTOCN 


ygen flow schematic/ trace the 
quid oxygen system. 



NOTETAKING SHEET 3 . 3 . IN 


OPERATION AND MAINTENANCE OF A LIQUID OXYGEN 
SERVICING TRAILER 


CFERENCES: 

. Storage Tank, Liquid Oxygen Low-loss Closed-loop Type TM 
Part No. 22455, NAVAIR 19-25D-26. 

, Aviation Clothing and Safety Equiment, BUWEPS Bulletin N 
Liquid Oxygen Safety Precautions. 

, Protective Clothing for Liquid Oxygen Handlers, NAVAIR I 
10332.2, 11 August 1967. 

Aviation Structural Mechanic E 3 & 2, NAVTRA 10309-D, 19 
Edition, Chapter 11, Liquid Oxygen System, pages 11-1 th 
11-23. 

)TETAKING OUTLINE 

Purpose & Description 

1. The TMU-70/M is a completely self-contained unit corr 
of three major components: (see figure 3.3.1) 

a . 


b. 


c . 


2. The annular space between the double walls of the st 
tank, transfer tank, and internal transfer lines is 
to 5 microns or lower. 


3. The evacuated space contains a high vacuum insulatio 
minimum heat gain and boil-off of the liquid oxygen. 

4. The storage and transfer tanks are equipped with liq 

and pressure gages and pressure 


5 . 


The three comoonents are oermanentlv mounted on a th 



INDEX ITEM 

NO. 

t Handbrake and Grots Shaft Asiembly 

2 Retractable Caster Assembly 

3 Wheel Assembly 

4 Converlcf Fill Line Assembly 

5 Converter Vent Une Assembly 

6 Cabinet Assembly 

7 Vent Piping Assembly 

8 Toggle Valve Assembly 

9 PBU Coil Assembly 

10 Relief Piping Assembly 

11 Fill Une Assembly 


J-70/M components . 

Storage tank. 

a. Purpose 

(1) The purpose of the TMU-70/M is to ox^ 

vapors caused by heat loss during transfer to tt 
aircraft converters. 

(2) The gaseous oxygen vapors vented from the transf 

tank and the converter are returned to the store 
tank for and 

b. Capacity 

The storage tank contains U.S, gallons. 

Transfer tank 

a. The transfer tank is a liter capacity, double- 

walled Dewar and is permanently attached to the stOE 
tank . 

b. The transfer tank is gravity filled from the storage 
tank . 

c. It is self-contained and operates independently afte 
filling. 

d. The transfer tank is equipped with a pressure build- 
coil, relief valve, rupture disc, and controls. 

Transfer lines 

a. The transfer lines carry the liquid oxygen from the 
storage tank to the transfer tank and then to the 


b. They also carry the vented oxygen gas from the conv€ 

back to the . 

c. The close loop of the transfer lines contains the v€ 
oxygen gas to avoid venting large volumes of gas dut 
converter filling, 

d. The interconnecting liquid and return lines are 

whenever practical. 


Pioina svstem 


c. A pressure relief valve system v/hich is connected to 
the system. 

Controls and indicators. (see figure 3.3-2) 

a. Storage tank pressure gage. 

( 1 ) Purpose . 

(a) The pressure gage indicates the pressure in t 
inner storage tank. 

(b) The gage is calibrated to read from 


(2) Operation. 

(a) Safe operating pressure of 0 to 55 p.s.i.g. j 

indicated by * on the gage face, 

(b) Unsafe pressur*. of 55 to lOu p.s.i.g. is 

indicated by a . 

b. Storage tank liquid level gage. 


(1) Purpose. 

The liquid level gage directly indicates the leve 
of liquid oxygen in the inner tank, when the tan)< 
is sitting level on a level surface. 

(2) Operation. 

<a) The gage dial is mangetically and mechanicalJ 

coupled to a inside the storage 

tank. 


(b) 


(c) Safe operating level of up to 50 gallons is 
indicated in green; unsafe operating level of 
more than 50 gallons is indicated in red. 

c. Transfer tank liquid level gage. 

(1) Purpose. 


The liquid level gage directly indicates the leve 
of liquid oxygen in the transfer tank. 


(2) Operation. 



FI— rULL INDICATOR 

STORAGE TANK PRESSURE GAGE IP-H 8. TRANSFER TANK PRESSURE CAGE ( I 

STORAGE TANK LlOUl 0 LE VEL G AG E (LG-IJ 9. CONVERTER FULL INDICATOR GAGE 

CONVERTER VENT LINE SHUTOFF VALVE t6V-4) lO. FILL-DRAIN LINE SHUTOFF VALVE i\ 

TRANSFER TANK VENT LINE SHUTOFF VALVE iOV-3J II. STORAGE TANK VENT LINE SHUTOFF VAL 

TRANSFER TANK FILL LINE SHUTOFF VALVE lLV-2) l2. FILL-ORAIN LINE COUPLING { C-ll 


TDAuert^D TAui/ BfireeitDC aiii. r\i<B krAi\>c I fsw-ct 


A in cr\ort: c’u i rt> trAi wc i r . s i 


(a) The gage is magnetically and mechanicall 
to a float sensor inside the transfer ta 

(b) The gage is calibrated in 

d. Transfer tank pressure gage. 

( 1 ) Purpose , 

The indicates the pressure in the 

tank . 

(2) Operation. 

(a) The pressure in the transfer tank must fc 
than the pressure in the storage tank tc 
transfer of liquid since the converter i 
into the storage tank during converter f 

(b) The gage is calibrated to read from 0 tc 

p. s . i .g . 

(c) Safe operating pressure of 0 to 110 p.s. 
indicated by a green band? unsafe pressu 
to 160 p.s.i.g. is indicated by a red be 

e» Converter full indicator gage. 

(1) Purpose. 

The full indicator gage (marked LIQUID GAS) 

that monitors the 

vent line temperature. 

( 2 ) Operation. 

(a) During transfer of liquid to a convertet 
indicates gas temperature in the convert 
line. 

(b) When the converter is full, the vent lir 
with liquid oxygen overflow, the convert 
line temperatures drops, and the gage ir 

moves to the position that ir 

full converter. 

f. Converter vent line shut-off valve. 

The vent valve controls the flow of oxygen gas \ 

the converter being filled to the storage tank c 

loss nf hank na.Q ^ r-nnx/isr hay* ip 


Tr atu’. for t.aaK vent line shut-'Off; 

The vent, valve c:on trol I.he Plow ol {rniii Llio 

transPoL tank ta the v.iiJOr ‘jpac«- op tlu.-' r, l ■ n.-VuVr- lai.k„ 

Ti.anaCor tank fill line j=;liiit-o T f valve. 

The vaLvo in used to control tlie of Lic.ju 

oxygen Prom the storage tank to the 'tiMnsfer taTik . 

Transfer tank {:)ro.s^5llre build-np valve. 

( 1) 'I'he prcjssi.ire valve cont'.roln t!;e flow of licjni.d oxyqe 
from the btDttom of the transfer Lank to the 

(IMUJ) . 


(2) The PBU isa ___ ^ ^ where the .1. i.qnjd 

oxygen is ex)Dor>cd to ambient^ t~^nii[^<7ratnr and in, 
converted to cjcis, 

(3) As the liquid is changed t:o gas it expands. The oiii 
qas of; the PBIJ coi] is fed liack to the transPer tank 
vapor space, providing pressure to discharge liquid 
the convertor . 

(4) This valve is when pressure i.s recpiiri.'d 

fill the converter. 


Pil I. /dr a in I iiie shu t--o f f va I vc. 


(1) The fill valve is used durinti the .storage tank f i L I i 
operation to perniit tlie f.L<.>w of lignid oxygen from ,i 
central supp.ly tank to the st.orage tank. 

(2) The shuti-ol'f valve is opened _ during the 

filling function and then closed’ after the traii.sfor 
has been completed. 

CAU’l'L'ON: The f i 1 l/dra in liiu' shut-off valv<? is not 

used to control ficnv. IKvd. i; i c t lug transfe 
niov; may cacat** a d.ingorous hack prcs.suro 
the -supply line iirnsl lor fillinij. Control 
transfer fiov; slia 1 I. l»o ui.i iui.a ined with the 
service v.i.lve I lu? uoiit ral .supply tank. 

Storage tank vent line .shuL-off valve. 


(1) The vent i.s used to conl.iol the .‘eli;.irs‘ of grusoous 
vapors from the .storaeje- tank t.o the v'ciil pi[jin(j 
manifold. 


(3) Daring the valve is left 

OPEN position to vent all vapors generated 
liquid oxygen boil-off. 

(4) In the valve is left clos 

prevent oxygen vapor contact with flammable ] 
or vapors. 

1. Relief valves. 

(1) The relief valves are installed to relieve e>- 
pressure in the storage and transfer tanks. 

(2) The relief valves are set to operate at a 
predetermined pressure, 

(3) In case of a malfunctioning relief valve^ 

are Installed as a back-up safety precaution. 

(4) The evacuated annular space of the storage tc 

protected against pressure buildup by an 


Safety precautions, 

1. Never allow liquid oxygen to contact the skin. The ( 
low temperature of the liquid quickly freezes the are 
severe frostbite results. If the skin is splashed wi 
liquid, immediately flush the area thoroughly with Wc 
then obtain first aid. 

2. Always store liquid oxygen with the vent valve openec 
Relief valves furnished on the tank are provided to } 
the case in case of malfunction and are not to be usi 
pressure regulators. 

3. Never confine liquid oxygen in any piping or contain? 
without adequate safety devices. The pressure built 
the liquid expands to gas will rupture most piping, i 
or containers, 

4. Comply with all safety directives. Fifty feet has b( 
established as the safe distance criterion for oxygei 
equipment. Assure painting and marking on the tank ; 
maintained as required. Oxygen gas does not burn bul 
supports combustion of any material which does burn. 

5. Keep liquid oxygen away from absorbent materials, lo< 
clothing, or rags. These materials can trap oxygen < 
later be ignited by a spark, cigarette, or a match. 



DEFORE STAffTIWC AWY O PgRATIONS 

FILL CONVERTER 


I. CONNECT Cl TO SUPPLY TANK 

i OPEN GV€ & LVI D OBSERVE lO I 

3. WHEN TAWK (5 FULL CLOSE LV I & 
OlSCONWECr Cl 

FILL rwANSFER TANK 

1, OPEN LV2 0 0V3 S OBSERVE L02 

2. WHEN TANK IS FULL CLOSE LV2 B GV5 


I fill transfer tank 

2. OPEN Gv5 a OBSERVE P2 PRESSURISE 
60 • lOO PSiC 

1 CONNECT C3 a C2 TO CONVERTER 
A. OPEN 0V4 a CeSEflvE Fl 
5 WHEN Fi INOlCTES LlOUlO DISCONNECT C2 
$ Close cv 4 a disconnect cj 



Filling procedure. (see tigure 


1. Ensure that all required safety equipment is in use and 
ail safety precautions are taken, 

CAUTION: The vacuum in the annular space must be 5 mic 

or less before filling operation commences. 

2. Close all control valves 

3. Place the TI1U-70/F1 on a level surface to ensure that th 
has a level attitude. 

4. Pressurize the liquid oxygen supply tank to the require 
pressure for transfer of liquid oxygen to the TMU-70/M. 

5. Remove dust cover from free end of the supply tank tran 
hose and purge hose. 

6. Remove the dust cover from fiil/drain line coupling (C- 
connect the transfer hose. 

7. Open storage tank (GV-6) and fili/drain line shut-off v 
(LV-1 ). 

CAUTION: Pressure should not be allowed to rise above 

in storage tank. Monitor storage tank pressure c 
(P-1) closely during cool-down. 

8. Slowly open the service valve on the supply tank to all 

only a flov>^ of liquid oxygen through the tre 

hose into the TMU-70/M. Considerable vaporization will 
place until the transfer hose, fill/drain line, and stc 
tank have cooled down. 

9. VJhen the transfer hose, fill hose, and storage tank ha\; 
cooled down sufficiently to handle a full flow of liqui 
oxygen, open the service valve on the supply tank 
completely . 

NOTE: Observe the time required to fill the storage tank. 

Filling time varies with each supply line system. 
However, with a transfer pressure of 30 p.s.i.g., ar 
under normal conditions, the storage tank should be 
within a period of minutes. Each using activity she 
determine an average time with the equipment at hand 
Abnormal deviation from the average filling time she 
cause for investigation. 

10. Monitor storage tank liquid level gage LG-1. 


11. Close £ill/drain line shut-oE£ valve (LV-L). 

CAUTION: Use extreme caution when d i sconnec I: i iig th 

hose. Even though the hose has l:)een drai 
pressure relieved, some liquid oxygen wi I 
remain. Do not direct the hose toward pe 
equipment. 

12. Disconnect the supply tank transfer hose, immediate 
line of liquid oxygen pi-oduct and pressure, and rep 
coupling caps loosely. Tighten the coupling caps a 
ensuring that all liquid oxygen lias vaporized and b 

13. Close all control valves except 


Preparation for servicing. (see figure 3.3-3) 

1. Ensure that all. safety equipment is in use. 

2 . 


a. Fill/drain line shut-off vaive. 

b. Transfer tank fill line shut-off; valve, 

c. Transfer tank vent line shut-off valve. 

d. Converter vent line shut-off valve. 

e. Transfer tank pressure build-up valve. 

f. Storage tank vent line shut-off valve. 

3. Observe storage tank liquid level gage and the pres 
to ensure liquid oxygen supply and safe 


4. Open the transfer tank fill valve and the transfer 
line shut-off valve. 

5. Observe the transfer tank liquid level gage. When 
is full, close the transfer tank fill lines shut-of 
and the transfer tank vent line shut-off valve. 

6. Connect the converter vent line connectors to the 


7. Connect the air-force-f lller valve to the converter 
fitting, using a . 



8 . 


Open the transfer tank presr^ure build-up valve mom( 
and observe the transfer tank pressure gage. When 
pressure rises to approximately close the transfer 
pressure build-up valve. 

WARNING: The rate of pressure buildup depends on the ! 

level in the tank. On a full tank the pressi 
build extremely fast because of the small amc 
vapor space to be filled. Use extreme cautic 
building the pressure and never allow the prc 
exceed 90 p.s.i.g. Open the transfer tank v( 
to relieve the excess pressure into the store 
if the pressure buildup indicates that it wi 
90 p.s.i.g. This v/iLl avoid the unnecessary 
the transfer inner tank shell relief valve ai 
resultant undesirable discharge of gaseous o> 
the vent line. 

9. Operate the transfer tank pressure build-up valve 

to maintain the desired pressure di 

converter servicing function. 

10. Open the converter vent line shut-off valve and obs 
converter fulJ indicator gage. The gage should inf 
as the converter is filling and LIQUID when the cor 
full. 

11. When the converter full indicator gage indicates L! 
disconnect tlie 


12. Close the 


13. Close the converter vent line shut-off valve and tl 
disconnect the converter vent line connector. 

NOTE: If additional converters are to be serviced imm 

omit steps 14 and 15, 


14. To empty the transfer tank. 

a. Open the transfer tank fill line shut-off valv( 

b. Then the transfer tank pressure build-up valve 
necessary ) , 

c. Observe the transfer tank liquid level gage. 

d. When the transfer tank is empty, close the trai 
fill line shut-off valve. 


paration £ 01 : use when received from supply. 


The TMU-70/M, when received from the factory or when it i 
returned from the overhaul activities, is ready to be fil 
with liquid oxygen and pressurized for 


The annular space has been evacuated to the point desirak 
for a warm and empty tank. 

NOTE: For any other preparation or maintenance, the 

appropriate manual, etc., will be consulted. 



JOB SHEET 3.3.1J 


SERVICING AN AIRCRAFT LIQUID OXYGEN 
CONVERTER USING THE TMU-70/M LIQUID 
OXYGEN SERVICING TRAILER 

’RODUCTION: 

I’s in the fleet today must know and understand the operat; 
' maintenance of the equipment used in handling liquid oxyc 

tMINAL OBJECTIVE: 

)ported partially by this lesson topic: 

) . 

iBLING OBJECTIVES: 

sported partially by this lesson topic: 

>ported entirely by this lesson topic: 

L.19 through 2.1.23. 

TERENCES: 

Storage Tank, Liquid Oxygen Low-Loss, Closed-Loop, Type ' 
Part No. 22455, NAVAIR 19-25D-26. 

Aviation Clothing and Safety Equipment, BUWEPS Bulletin 
r.jquid Oxygen Safety Precautions. 

Protective Clothing for Liquid Oxygen Handlers, NAVAIRIN: 
10332.2 11 August 1967. 

Aviation Structural Mechanic E, 3 & 2, NAVEDTRA 10309-D, 
Edition, Chapter 11, Page 11-1 through 11-16. 

JIPMENT AND MATERIALS: 

Aircraft converter. 

Protective Clothing; 

a . 


Face shield . 


3. Trailer, TMU-70/M Liquid Oxygen. 

PRECAUTIONS TO BE OBSERVED: 

1. Ensure fire extinguisher is present when servicing. 

2. Check area for hydrocarbons. 

3. Ensure all protective clothing is being used. 

JOB STEPS: 

1. Prepare trailer for servicing: 

a. Close all control valves: 

(1) Fill drain line shut-off valve. 

(2) Transfer tank fill line shut-off valve. 

(3) Transfer tank vent line shut-off valve. 

<4) Converter vent line shut-off valve, 

(5) Transfer tank pressure build-up valve, 

(6) Storage tank vent line shut-off valve. 

b. Check storage tank liquid level gage, and state th 

lox . Check pressure gage for safe operating 

c. Fill transfer tank 

(1) Open the transfer tank fill valve and the tran 
vent line shut-off valve. 

(2) Monitor transfer tank liquid level gage until 
full , 


(a) 

Close 

the 

transfer 

tank 

fill 

line 

shut-off 

(b) 

Close 

the 

transfer 

tank 

vent 

line 

shut-off 

2. Filling converter 







a. Connect 

the conver 

ter vent 

line 

connector 

to the c 


vent fitting. 


b 


Remove dust cap from converter filler valve. 


( 1 ) First, position the valve against the purge fitt: 
turn tlie housing clockwise, locking the valve in 

( 2 ) Second, push the knurled knob forward and rotate 
wise, locking the valve in the open position. 

d. Open transfer tank pressure build-up valve. 

WAR NING: Observe transfer tank pressure gage, do not 

pressure build-up in excess of 90 p.s.i.g. 

e. Close transfer tank pressure build-up valve when pres 
reading is 90 p.s.i.g. 

f. Operate transfer tank pressure build-up valve as nece 
to maintain the desired pressure during converter sec 

g. Open the converter vent line shut-off valve and obsor 
converter full indicator gage. 

(1) Gage should road GAS when converter is filling. 

(2) When full, gage will indicate LIQUID. 

h. When the converter is full, disconnect the AF filler 

i. Install dust cap to converter filler valve. 

Securing trailer 

a. Close the transfer tank pressure build-up valve. 

b. Close the converter vent line shut-off valve, 

c. Disconnect: converter vent line connector. 

d. Empty the transfer tank. 

(1) Open transfer tank fill line shut-off valve. 

(2) Open transfer tank pressure build-up valve. 

(3) Observe transfer tank liquid level gage. 

(4) When the transfer tank is empty, close the transf 
pressure build-up valve and the transfer tank fil 
shut-off valve. 

e. Close all valves, except the storage tank vent line s 

vfl 1 Tri=» . frvr nr>Km^ 1 idln fttrjrartP . 


Documenta t ion 


a . 


b . 


Comolete Support Action Form (SAP), using the following 
information: four A-4A aircraft type equipment code AAC 

belonging to organizational squadron GC7 were serviced w 
liquid oxygen today in support of 9 mission by work cent 
13B. 

Each block correctly documented will have a two point va 
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Support 


COOES 


Ti PE 


maintenance COOE^ 


Oio OPO^anoNflL suppopi 
::)20 Cl.e&KlNG/OEPfl£SEPvATlON 
C30 INSPECTION (Excludes CORPOSrON) 
040 CORPOSlON prevention (MiSCI 


oso 

0E.0 

070 

oao 


041 AiRFRAME/EnClOSuRES 

045 

ElECTRONiCS/ElECTRiCAL 

043 POWER Plants 

046 

Photographic 

043 PROPELlERS/hELiCOP''ER 

047 

ARMAMENT/OROnAnCE 

Dynamic components 

048 

safety/suRvivAl 

044 UTILITI ES 

049 

preservation 


general PuNCTiONS 

ENGINE Buildup, TEARCOwN. test stand operation 
MISSION SHOP Support 

INSPECTION Of aviators equipment. SAFETY ANO 
Survival equipment 


A genEfml Support 
C Tyfit^AROuNO, PflEFUOMf, 
PReORER/’TlONAL. OR 
oRELAUNCH INSPECTION 
0 daily, DAILY/POSTFLIGhT, 
OR POSTOPEMATlONAl 
INSPECTION 

F TRANSIENT MAINTENANCE 
L LOCAL manufacture 

T SUPPLY Support 
U reclamation ANO SALVAGE 


ilH 


PRODUCTION 


ASSIGNMENT 


OPERATION AND 
r.. I QUID OXYGEN 


maintenance of a 
servicing trailer 


Modern Naval Aviation the uses of f-ho 

3 more prominent. AME’s in the aro beconin-j rr 

^e.stand the operation and the 

Idling the liquids. Because of the ex^reL ^ ! i-'quipnc-nt use 

ise liquids, all safety orecautions mus^he J teriperat.ir., of 

served to prevent serious accidentL 

iMINAL OBJECTIVE: 


ipporteJ partially by this lesson topic.) 


^BDING OBJECTIVES: 

ipported partially by this lesson topic.) 


pported entirely by this lesson topic.) 

. 19 through 2, 1.23. 

DY ASSIGNMENT: 

Review Notetaking Sheet 3. 3, IN. 

Read Page 11-1 to 11-16 in Aviation Structural Mechanic E, 3 , 
NAVEUTRA 10309-D. 

DY QUESTIONS: Using the Notetaking Sheet and Reading Assignmet 
answer the following questions. 

What is the purpose of the TMU-70/M Liquid Oxygen Storage Tan) 


What are the safe operating pressures of the TMU-70/M? 


What are procedures £or securing the TMU--70/M? 


Which valves are opened to empty the transfer tank? 


What are six safety precautions to bo observed when workin 
liquid oxygen? 



MAINTENANCE OF AN AIRCRAFT LIQUID OXYGEN SYSTEM 


‘ERENCES; 

Aviation Structuiral Mechanic E, 3&2, NAVEDTRA 10309-D. 

The Naval Aviation Maintenance Program (NAMP); OPNAVINST ^ 
(series ) . 

Handbook of Maintenance Instructions, Navy Models A4A and 
Aircraft, NAVAIR 01-40 AVA-2-4, Section IV, Utility Syster 

Periodic Maintenance Requirements Manual, Navy Models TA-‘ 
A4B, and A-4C Aircraft, NAVAIR 01~40AVA-6, Section II, Pai 
Aircraft Periodic Maintenance Requirements. 

ETAKING OUTLINE 
Description. 

1. The liquid oxygen supply is stored in an insulated cor 

mounted in the , 

2. The converter is reached through the after fuselage 

compartment . 

3. The converter contains of liquid oxygen 

serviced to capacity. 

4. It is a low-pressure, system, and cor 

essentially of the following components. 

a . • 

b. Low-pressure relief valve. 

c. Buildup/vent valve. 

d. Pressure closing valve. 

e. Pressure opening valve. 

f. Differential check valve. 

g. Oxygen manual control and high-pressure relief vaJ 


1 . 


Interval . 


a. Even if: the aircraft is not to be Clown immediate] 
converter should be filled to preclude possible 
of the system. 

b. Loss of liquid oxygen because of evaporation, base 

standard day at sea level, is approximately 

with system idle for a 24 hour period. 

c. Therefore, the longer a converter stands idle witl 
refilling, the less oxygen is available to the pi] 
breathing. 

d. Converter should be completely refilled just 


2. Filling procedure. 

a. Visual inspection. 

(1) all electrical power "off". 

( 2 ) . 

(3) CO 2 extinguisher present. 

(4) Check area and aircraft for oil and grease 
(particularly the left wing). 

b. Prepare aircraft. 

(1) Make certain oxygen switch in cockpit is in "c 
position . 

(2) Open after compartment access door. 

NOTE: Placing tools on top of the wing could 

inadvertantly remove the protective coatinc 
and corrosion would set in. 

(3) . 

3. Lox converter removal. 

a. Ensure aircraft electrical power is "OFF", 

b. Disconnect aircraft quantity indicating probe leac 
from converter. 


from convortior. 


d. Dl.scotmect-. aiircratil: veal: liiu; <.1 is<:oiu\o<.;l l.\ enu 

converter. 

e. Loofsen winq nut eiuDiujh to clear converter support 
bracket. 

£, Slide converter out and remove trtJin rJrcral't.. 


Install lox converter. 

a. In.stall converter in aircraft lox comi)artnHMit. 

b. liaise wing nut to converter Jiupport bracket: and tighter 
wing nut. 

c. Connect aircraft vent line ‘(uick rlisconnoct to convertc 
connection . 

d. Connect aircraft supply line cjuick disconnect to 
converter connect ion . 

e. Connect quantity inclicatiiK) probo loads to converter. 
Have instructor i nspect installation. 

f. Secure converter access panel. 

:tional Check of a box System. 

Connect oxygen mask to . 

Place oxygen switcli in "on" position. 

Test oxygen mask regulator by breathing deeply several time 

Remove mask and place oxygen switch to "off" position. 

Connect electrical power to aircraft and read quantity 

registered on * 


Disconnect electrical power from aircraft. 


1 , Wear protective clothing while servicing iiquia oxygen 

2, Ensure area and equipment are free of hydrocarbons. 

3, Ensure electrical power (external) is "off” before 
removing or installing ground power plug. 

4, Ensure fire extinguisher is in the immediate area. 

5, Ensure aircraft and servicing trailer are properly gro 


J(JI3 S(!IlI:T 3. 4, 1, 7 


( ).)l%MO[Jc-jTi<A'V lOfJ ) 

fiAr3’r-:NA:K:r: of a Lroijii) oxyfi;*] system 


irr RODUCTiOH 


n Uhif3 job shoot you v;ill peirCorra a fiinc t iona I chock of: a ]i 
xyyon system. You v;ill uso knowloHqo and skill that you ha^, 
roviously mastered to lielo you oo-nplete t.'iis job shoot. 

hf-iMIlIAL OBdbC'l’TVi:; 

upported partially by this lesson topic: 

.0, 


NABLIt4G OHJbCTlVtX^ 

upported partially by this lesson topic: 

. 1. 


jpported entirely by this lesson topic: 
.1,24 thru 2. 1.27. 


'PmmcES: 


. Aviation Struci:ural Mechanic C, 3&2, MAV'FDTKA 10309-0 198 
Edition, Chapter 10. 

. The Naval Aviation Maintenance Frotjram, (NAMP), OPNAVINSl 
( series ) . 

. Handbook of; Maintenance Instruction, Navy Models, A-4A an 
A-4B Aircraft, MAVAIR 01-40AVA-24, Section IV, Utility Sy 

Periodic Maintenance Requirements Manual, Navy Models TA- 
A-4B, and A-4C Aircraft, NAVAIR 01-40AVA“6, Section II, F 
Aircraft Periodic Maintenance Requirements. 

iUIPMENT AND MATERIALS 

Converter, Liquid Oxyyen fpartially full). 

Mask, Oxygen A-13A with mini-regulator. 


ar protective clothing while servicing ligcid oxy 
-.re area and egnip^ent are tree ot hydrocarbons ^ 

betore 

Ensure fire extinguisher is in th ■ 

y ner is m the immediate area 


compartinonL . 


a. Install converter in aircraft LOX 

b. Raise wing nut to converter support hrarf'^f- -.r- ) . ■- 

nut . ■ 

c. Connect aircraft vent line quick disconnect to coin— t- 
connection , 

d. Connect aircraft supply line quick disconnect t) t e; 

connection . 

e. Connect quantity indicating probe loads to converter. 

Have instructor inspect installation. 

f. Secure converter access panel* 

. Inform instructor that you are going to enter the coc’r.pit. 

. Ensure all switches are in the off, safe, or normal i))sition. 

. Inform instructor that you arc ready to perCoLin the functlotui! 

test . 

. Functional test 


P roc qd ur G Required Result 

tio noticeable rosistanctr to 
exhalation 


Inhalation should ho difticu 
indicating oxhalntion valve- 
seating properly. 


VJAUhllK; 

Connections of the oxygon su 
tubes must be chocked for 
tightness before moving the 
oxygen svjitcii to ou. l-^capi 
oxygen creates a fire* ha/.aii.l 
the presence of oil or greas 
Failure to comply may result 
iniury to personnel. 


• With oxygen mask in place, 
connect oxygen mask hose to 
aircraft liquid oxygen system. 


Place oxygon mask on face. Do 
not connect oxygen mask hose 
to aircraft liquid oxygen 
system . Exhale . 


. Inhale. 


* Breathe deeply several times. 

?Io noticeable resistanc 
breathing , 

CAUTION 

MO'j'f- 

Free flow test through 
oxygen mask must not 
e xceed 1 minu te . 

If excessive breath 
resistance is encou 
inspect all quick- 
disconnects for pro 
sea t i ng , 

. Remove oxygen mask from face. 

. Place oxygen control switch off. 

Flow of oxygon stops 

. Disconnect oxygen mask hose. 


Romover converter 

a. Ensure aircraft electrical power is "Ol’P". 

b. Disconnect aircraft quantity inclicatinq probe loacls 
converter* 

c. Disconnect aircraft supply line cjuick disconnect froi 
converter . 

d. Disconnect aircraft vent lino quick disconnect from 
converter . 

e. Loosen wing nut enough to clear convertor support bre 

f. Slide converter out and remove from aircrcift. 






ASSIGNMHN'l’ SHHET 3.4. lA 


MAIM'l’RNANCH 01' AN AIUCKAFT LIQUID OXYGEN SYSTEM 


JCTION 


rpc)^3(i of: this aSvSiqnmGnt shoot is to familiarize you with the 
lanco ol' an aircraft liqui(3 oxyqen system. 

OlKIHCTlVl:: 

tod partially by tliis lesson topic: 


NO ObJUCTCVKS 

tod parLl.illy by tills lesson topic: 


ted ontiroly by this lesson topic: 
. 4 thru 2.1.27. 

ASSIGNMENT 


^iow nototakinq slioot 3. 4. IN. 

^id Chapter 10, Pcaqos 10-5 thru 10-7.0, in the Aviation 
ructural Mechanic E; 3^i2, NAVElri'KA I0J09-D. 

QUESTIONS 

at are the nine components which make up a liquid oxyrjon 
atom? 


at procedures arc required for removinq the lox converter? 


at procedures ace required for installing the lox converter? 


at are the five safety precautions to be observed while 



Oioicin usiNLj THb •mU//UM StlKVICING 

trailer 
T ie start 

Tie stop “ ■“ 

tal time ’ 


JCI'jDQRE: POIN 

Ensure that all safety preucations are observer] 

a. Protective clothing 4 

b. Inspect trailer and surrounding are for hydrocarbons. 4 

c. Ensure that a fire extinguisher is available 4 

Prepare trailer for servicing 
a. Close all control valves 

(1) Eill/drain line shut-off valve 2 

(2) Transfer tank fill line shut-off valve 2 

(3) Transfer tank vent line shut-off valve 2 

(4) Converter vent line shut-off valve 2 

(5) Transfer tank pressure build-up valve 2 

(6) Storage tank vent line shut-off valve 2 

1). Check storage tank liquid level gage, and state the 

amount of lox , and check pressure gage for safe 

operating pressure 4 

c. Fill transfer tank 

(1) Open transfer tank fill line shut-off valve and 

the transfer tank vent line shut-off valve ... 4 

(2) Monitor transfer tank liquid level gage until 
tank is full. 

(a) Close the transfer tank fill line shut-off 

valve 2 

(b) Close the transfer tank vent line shut-off 

valve 2 

Filling the converter 

a. Connect the coverter vent line connector to the 

converter filling (C-3) .... 2 

b. Connect the AF Ciller valve to the converter, using 
the two step procedure 

(1) First, position the valve against the purge 

fitting and turn the housing clockwise, locking 
the valve in place 2 


open position. , ^ valve m the 

c. open transfer tank pressure •bnild:u; ;ai.e Jgv-S,' ' 

'■■ S.".s*s2r„“;," S5““l «*“" 

'■ "£.«Lr?rL-r„ssEi“£-i;^;p-v»;.-„ ■ ■ ■ 

converter servicing desired pressure during 

fining 

.. -en^ihe convert^? • A.-n-i L' ^ 

--an dust .p to-con^ener-aiie; ;aive ::;••• 
Securing trailer ’ ‘ ' 

b- Close oonvIrtL^vent^n®®''''^ valve. . 

= • Disconnect convert vlt I?® — "O- valve . ! . ' ' 
d. Empty the transfe^ tanr connector ; 

(1) Open transfer tank f i ii i • 

(2) Open transfer tank shut-off valve. 

(3) Observe transfert/?®?-®"® build-up valve ‘ ‘ 

(^) When the tranfL/L^n^ir'" ^age "! i i ; ; 

tank pressure build-up valve^ close the transfer 
e Close shut-off valve transfer tank 

Documentation 

informationf'""’^ (SAP), using the following 

To support the operat-ir.n 

-PPort Of aircraft XslslT^ ' ^ ‘'®^® 

support action form win be graded as follows: 

Bacb^nook correctly documentated will have a two point 


^^guipment. 


" --B.gnment in the .aintem 


enabling objective 


Supported partially by this in. 

y tnis lesson topic: 

^ - 7 and 2.4. 

FiEPERENCES: 

^Vgo^^'aaL'st 

equipment and materials : 

^ • Tools 

2 - Cleaning gear 

PRECAUTIONS TO BE OBSERVED: 

ocju steps to ensure your saf 


^70B STEPS: 


1 - 


Classroom Support Equipment 


a. 




Id • 


Stow instructional 
instructor • 


training aids 


in 


Shop Support Equipment 

^ • Repair or replace any defective shop 
to . Service TMO/70M LOX Servicing traile, 

equipment in areas 


PKi<Kni<MAr]CJK ThJST 3.J 

(2) Second, push the knurled knob forward and 
rotate clockwise, locking the valve in the 

open position* . . • * • * * * , * 

open transfer tank pressure build-up valve (GV-5). 


c . 


WARfllMG-. Observe transfer tank pressure gage, do no 

allow pressure build-up m excess of 

90 p.s.i.g. 


d. Close transfer tank pressure build-up valve when 

pressure reading is 90 p.s.i.g 

r, . Operate transfer tank pressure build-up valve as 
necessary to maintain the desired pressure during 
converter servicing .* * * 

f. Open the converter vent line shut-off valve and 
observe the converter full indicator gage. 

(1) Gage should read GAS when converter is filling . 

(2) When full, gage will indicate LIQUID 

g. When the converter is full, disconnect the AF filler 

valve 

h. Install dust cap to converter filler valve 


4. Securing trailer 

a. Close the transfer tank pressure build-up valve. . . 
h. Close the converter vent line shut-off valve . • . . 

c. Disconnect converter vent line connector 

d. Dmpty the transfer tank. 

(1) Open transfer tank fill line shut-off valve. . . 

(2) Open transfer tank pressure build-up valve . . . 

(3) Observe transfer tank liquid level gage . . . . 

(4) When the transfer tank is empty, close the trans 

tank pressure build-up valve and the transfer ha 
fill line shut-off valve 

e. Close all valves except for storage tank vent line 

shut-off valve, for normal idle storage 

3. Documentation 

a. Complete Support Action Form (SAF), using the follow 
information : 

To support the operation of an A-4A aircraft, type e 
code (AACA), assigned to organizational squadron GC7 
center 13B serviced the LOX system on today’s date i 
support of aircraft bureau number 152513. 

b. Support action Eorm will be graded as follows: 


MAIMTENANCH OF SHOP SUPPORT EQUIPMENT 

TIME; 2 pe 

INTRODUCTION : 

The purpose o£ this sheet is to quide you step-by-step ia a 
practical work assignment in the maintenance o£ shop support 
equipment . 

ENABLING OBJECTIVE 

Supported partially by this lesson topic: 

1.7 and 2.4. 

REFERENCES: 

1. Naval Aviation Maintenance Program (NAMP), Volume II, OPN 
4790.2 (Latest rev.). 

2, Safety Precautions for Shore Activities, NAVMAT P-5100. 
EQUIPMENT AND MATERIALS: 

1 . Tools 

2. Cleaning gear 
PRECAUTIONS TO BE OBSERVED: 

Cake all necessary steps to ensure your safety and that of th 
equipment . 

70B STEPS: 

L . Classroom Support Equipment 

a. Repair or replace any defective classroom support 
equipment. 

b. Stow instructional training aids in areas designated 
instructor . 

Im Shop Support Equipment 

a. Repair or replace any defective shop suppert equipraer 

b. Service TMU/70M LOX Servicing trailer. 


Fie Ld-day Classroom. Field-day classroom In ciccordanco 
course instructions. 


Da t e 

Instructors initials 



UNIT 3 GRADE SHEET 


IRNT SHEETS 


.-_work 

( Demons tra t ion 
Raw Score 
Converted Score 
TEST 

Raw Score 
X 

Converted score 

mu / 

. converted 

WfiRAGE 


NO, SAT. 

13 
18 
6 
5 


. 20 


UNSAT. REMARKS 


CONVERSION TABLE 


90 

- 99 

= 9.7 

Outstand int 

80 

- 89 

= 8.5 

Excellent 

70 

- 79 

= 7.5 

Good 

63 

- 69 

= 6. 3 

Satisfacto: 


* 3.0 UnsatisCac 

■* To be assigned 
course supervi: 


REMARKS 


AVERAGE 


